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Relation between the Procedures of Hot Water' Quenching and Mechanical

Properties of High Carbon Steels

Synopsis :

Yuhua TAN, Mingiun TANG and Ming YUAN

The article has proved the possibility of replacement of lead patenting in wire production from two re-
spects of theory and practice, and pointed out that lead patenting in wire production should be not con-
sidered isothermal quenching operation, while ought to be visualized as continuous cooling heat treatment.
The development of hot water quenching for wires and the relevent deta were evaluated, and so the reason
was discussed that the hot water quenching of wires could not be expaned. A new procedure of hot water
quenching was invented by theoretical analyse and a great of experiments, in which wires heated to 1 193~
1 223K are first immersed in hot water for a certain time (>2/3 total boiling time), and then taken from
the hot water, transferred to a brittleproof furnace at 773 ~ 873 K and cooled in air after austenite has
decomposed. The results obtained in laboratory and wire production have confirmed enough that the new
operation can ensure the quality of hot water quenched wires to keep up with or to exceed the average

levels attainable with lead patented wires.

Key words : high carbon steel wire ; hot water quenching ; patenting ; double-step hot water quenching.
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Lo THELN LRI E BN L ER LRz v E
By, FEEELBVTHLYDVICKWTEOHKEI IR
NEBOBEEAL (BRI, SRS TR, Blsh
REZZTEAL, fErLH58NBENLIZNIC
WmL), BRSROGHELDLDHVI/NEVDT, &
HHEEPEL 2 5. /3T v F ¥ ZUBEE OO GH
B % Fig. 1(A) 1SR 2%, S0 EE Xt OB

Temperature (K)

Solid line : Practical cooling curve of wires

Dotted line : Technological cooling curve of wire
Fig. 1. Schematic illustration of pratical cooling
curve and technological cooling curve during lead
patenting (A) and boiling water quenching (B) of
wires.

WKiR-> TTFA5 2 L idhv., SROEROGHIME X
FOEBRTHY, BWEHIH 3K IZETTHE, 4+—
27+ A b OSRREENSBEL, BERANRER L0
WAL 8T3K I LA™, T/, DEBERENKD ST
»oH, BMEVHEOEE (K 773K) ICTH 5. #KE0
PSS I ERANA F A4 P AERSRZVOT, KB
HERROIREICEET LHEIC, DTEEENET LI E
MREENS.

Fig. 2 122 #EAIE (753 K) B X Ui BhAL T4 H188 (298
~723K) THNFyF v 70U 72FD, 3.0mmé &K
FRROEROGHMMRE R L. BRE STy 5707
WMETIE, =275 4 FNOGBEREBEEIZ 753K T
137 < 823~863K TH 1, HRUEDIREEIZH~TH 90
K &,

Table 1 13858 (5% \VIZERUE) 757 »F » F LK
DRERE L EREEDVENFHERTHLH. Ths0ERH
LHL»RXI, F—RFF 1 P DOSRERERE 8

(BaviERE) MORECTE, MOBRELYD 30

~230K @\, 20T kid, HEOH (HDH\VITERIE)
T F TUEFERFEANTIEZ W & % BREICEE
BHLTwa., HEFEL3.0mm X 0 H#lVH1H 0 S EIRE A
SAEORELFLTHHH L) hHL DI, HroE
BOWMESHNT v F v FUET HEEORE % Table 2

1073 pes
973
C 873 \§§§§}ﬁ *
< \ ~ - ‘\.
£ 773 N ‘Q;:“-E_‘
©
= 673 D
é. \\ \-C Temperature of fluidal layer : A-298 K, B-523 K,
s 573 \__ C-623 K, D-723K; Temperature of salt bath :
= —B E-753K
473 " S Fig. 2. Cooling curves of 3.0mm ¢
373k ___'g"é:; S high carbon steel wires (0.8%C)
273 —A patented in the salt bath and fluidal
0.1 : 0.5 1 5 10 50 100 layer with various temperatures'?.
Time (s)
Table 1. Statistics of practical phase transition temperature during lead (or salt) patenting.
No. Steel Diameter (mm) Lead (or salt) patenting temperature (K) Practical phase transition temperature (K) [From data
1 0.5%C 5.0 803 (Lead) 923~943 18
2 0.6%C 5.5 803 (Lead) 833~873 13
3 0.6%C 5.5 803 (Lead) 873 14
4 0.63%C 9.5 823 (Lead) 873~913 13
5 0.65%C 6.5 773 (Lead; 883 15)
6 0.76%C 5.5 673 (Lead 873 16;
7 0.76%C 10 673 (Lead) 903 16
8 0.8%C 3.0 753 (Salt) 823~863 12)
9 0.8%C 5.5 823 (Lead) 893 17)
10 0.8%C 6.3 738 (Salt% 893~913 12;
11 60Si2* 1.8 753 (Salt 843~873 12

* About 0.60%C, 2%Si
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WRT. SORIRT LI, 0.8mme MO/ F
YF I IMBORE L 78~793K (RFEMO TTT i
D Nose IR 1X#) 823K) TaH 54, FHR D BAMMA
MR N—~F A4 FTHY, LEANAFA FTIER],
EBBEANTEHLZVWI Ehbbhb.
HRBEANORERKISEHMILRBRESGHABEORE
EELWHLDTHAHH, Fig. (A) KhbrbL)Hi,
SR DS/ STF v F v VI ERBEAN TR  HEFGH
DBMETHD. MERBICBTHEINF v F > L
HIERGHTHS I EPEMRRICE - TAEHS 1
7. Tbb, WMEOMNT T IMBERLO LI
FL 7ot 28T, I ERsHOBMETHS.
SBONT o F Y TRBIIBWTA—XF 1 FOGR
B —A%AYIC 833~873K'D TH Y, WMBORELS L

i3 873~923KM™ T, ThH BT RTHHABEDORE
(803K DB LUFIRNZER) LD bEW. #—27F
F A+ OEEERENSARIR AR O BRI A & 5 EEE
DIRE T CTHRETTH2EHARICBVLTRE2ICKRTT5.
MEEVWTNDA—RFF 1 FA¥8BK LU ETHET
HILERATAFETHD. MO T F i
HA%SBREAN TR W & 37 0t o s HIBNLE =
(Bl 2%, FEPRF i EILE, BOKBEANZ E) 25, $
T Fr FBIIH > TROBIEEEERL TV 5.
L7z o C, GHBEES LD KEVGHEERHL, +—
ATFA MY, MNIGRTELHELHET I LA
TEhE, TR T 7y 7B DbDIES
ENTE, ST v F M E RV CE UERNTEE
EBHLIENTERBLEEZOND,

Table 2. Lead patenting regulation of different diameters of steel wires (0.64~0.67%C).

Diameters (mm) 7.0~6.0 5.0~4.0 4.0—~3.0 3.0~2.2 2.1~1.6 1.5~0.8
Heating temperature (K) 1203~1 233 1203~1 233 1193~1 223 1183~1213 1173~1 203 1163~1193
Lead trough temperature (K) 753~763 763~773 768~—1778 773~783 778~788 788~793
Tensile strength (MN/m?) 1049~1 145 1058~1 156 1068—~1 186 1098~1 196 1107~1 205 1117~1215

Table 3. Statistics of quality of single-step hot water quenched and lead patented steel wires.
Properties after heat treatment Properties after drawing
No. Diameters Steel Heat treatment From data
o* 5* * * o
b n nT b n nr
0.3% Soap solution 1060 — — — 1750 37 20
1 2 65*3 (366 ) 19)
L. P. 1160 — — — — — 21
0.5~0.7%Soap 1025 7.8 - -— 1500~1800 | 30~45 10~15
2 2.3 65 solution (~357 K) 20)
L. P. 1120~1 170 — — — — — 11~16
3 3.0 | 0.50%c | Boiling water 1 040 — - = — — — 5)
cooling
.'%70““37]1 K 1133 9.3 - —_— 1500~1 700 40 15
oap solution
4 3.9 70 L.P. 1192 8 — | — |1s00~2000| 37 15 21)
Normalizing 1016 11 — — — — —
Soap solution 1150 — 28 14 1 650 36 14
5 3.9 0.73%C | P, 1250 — 50 10 1850 35 15 21)
Boiling water 1100 — — — — — —
6 4.0 0.71%C L P 1196 &* =48 _ - o _ . 5)
0.1% Drawing
owder solution 1015 — 30.8 3.3 1400~1600 | 35~50 12~15
7 4.5 65 355K) 15)
Normalizing 922 — 44 .8 7.1 1400 41 11~13
L. P. (773K) 1082 — 39.8 8.5 1600~1700 { 35~50 11~15
373 K Soap 980 ¢* =55 26 - 1720 41 — 22)
8 5.5 69 solution
L.P. 1 080 ¢=58 12 — 1 800 41 —
0.5% Drawing
9 6.1 65 gyf&r)solutlon 1053 — - — 1400~1500 | 31—~41 9~10 8)
L. P. (793K) 1058 — - — 1400~1 600 35~42 9~10
- Boiling water 1167 ¢=43.5 — — 2020 6 25
10 10 0.8%C | 'p. 1170 ¢=432| — — 1850 8 35 23)
Note : * o : Tensile strength (MN/m?) &: Elongation (%) ¢ : Reduction of area (%) m;: Bend number np: Torsion number

*2 L. P.:Lead Patenting *3 65 : Average carbon content = 0.65%
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3. BAKBAN+ZSORR

M oBAKBEA NI, 1193K LI Rz L 228 %
#okik (353~371K, v—7, KYJE=Z L7 HI—N,
RYFUCL VBRI A REREERATH) PINRE
L, WHEEREVPKOETECRESNLIKETCH— R T
FA COSREREERRR . X8, VA MR ELE
ETH B, ZOBEL BEHKEAND DV IZHBEBKE
MEBEFRLTWS, hEE BERE B W TR DO EKEE
ANOBHIBE T, FRODER T LOT
Table 3 I27RY. TORVPSOEDL) ZHEwHIHLN
A

(1)EDH 5.5mm X /S W, BUKBEA RSO
BRI XA NTF VF v IO A 59~145
MN/m? KT ¥ %.

(2)BEH 6.0mm L ) KVE, $#HBOGHIFEIHKAL
%A OBUKBEANM LSR8 T L F v TR L DT IR S
HIZIFELTH A

(3 )ERAHEA NI DREPEIZ DV TE—F L 72455878
3 7585 n$, HMAHE (Table 3 @ No. 4), EAL (No.
7% 10), HBHVIEZEL %V (No. 1) HENH5S.

P : Pearlite U-B : Upper Bainite
M : Martensite

Photo. 1. Optical microstructure of 1.6mm di-
ameter 65 steel wire after cooling in pure boiling
water ( X550).

BOKBEA NS OBEHIE L, EELEVHEOER
PHOPICT HDIEFEL I >EOERET - 7.

1.6 mm¢ O 65 FFEHMH (0.67%C, 0.63%Mn, 0.36%
Si, 0.011%P, 0.014%S) %* B\ TEKEEAN + 225
DREBREAT- 72, MBIRE I 1223K, REFFREHEIL 4
min TH 5. ZOHK, MHBEKFIGHL . Bk
B (2% 0L EEKDICBEL B> OEHER &
T+ 5% TORKEE) 3 8.5s T, Bo MK
BEH % Photo. 1 IZ/8F. BEMERMAMRICIE, RO %2/ v—
54+ (P) BXU=VF 44+ (M) DA EEA
1+4 + (U-B) bBRESIS.

HiiR % Pl Kk T4 OREEHIL 21, HRAKHS S
WL, Z8HPCTERT THHALBOBMHME L
2 NVF AL+ E% Table 4 (CRLTHDH. BhlEKP
2 2s BIELZRE TR, KICBUWAEEN A5G4
&, Bl S 1010 MN/m? L v, #iEKF T 4s
HHL 72308 T3, BIBRM X 2% 1130 MN/m? (23 L
7. ThiC LT, BiENEY 5sIiCART L, FlRM
213 1210 MN/m? 12T b 0D, HEHEDITH HITEAL
L, M0z 0% BT+ 5. ZOREBIZBTAHEM
EHBEICIE 5% OV T YA MBI NL. &6
WHEHBEE SR T L, ST TR 5
P0h (Tabb, BOEITRHET), FIHRMES
ERLPEFCTRERTA. ShEMHTLT, SERMEEHEREIC
BWTw LT yH 4 FOBIHIEICHEML 7.

DEDREBRER»SHO» R L )T, BKBEAN+Z
HoTar R BTV F M (BIRMR S 1167
MN/m?, %1 52.5%) (iR IEEEKEDTHE SN DA,
HHBEMORMBAEL <, WHETALVEMNEROH
LML KGEEBGFEFIRVERICHDZ L2DID
(0ED 4s<HNT, E62EH 1s xBARV). K
BWAGEBI DA, GHERTTO 0B OM
BRSNS T v F v IO LAVIERT, ThicxsfLT
AKGEHEARTRE, GHPEELZT26, PEHRC
TN F A M RETH I EICLAREBET RS 5.

Table 4 DO EAEIC & > THERL L 7 & K1BH#L O B %

Table 4. Effect of remaining times in boiling water on microstructures and mechanical properties of 1.6 mm

diameter steel wires.

Remained following times in boiling water from 1 223 K and cooled in air (s)

65 Steel
2 4 5 6 8 Cooling to 373 K
Tensile strength (MN/m2) 1010 1130 1210 1170 815 940
Reduction of area (%) 55.1 52.5 0 0 0 0
Martensitic amount in
microstructure (%) 0 0 5 17 36 49
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Fig. 3I2RLTH S, P oM#Hiz 1.6 mme SO #
MK BT B GHIMB T, FEHRIHEL ORI A+
HiZ Lok, ZRPTHHLAREOGHBHETHS. X
HFIORSN TV A K H 12, BEKRIER T % 8H % 4
MmesegbiloNT, =257+ 14 M DOGIRERERE K
T4 5., SHNEKPICRETHEBEPEL 25 L, %k
MBS I L, ZOR, [BOBERNELRD,
BHEEISWKTH-DTHH229, F— 25+ 4}
DR EREREN TABICONT, /—F 4 b OB
BB 2, BB OBEIREL A, LiL, wUF
YHA PR E NG - DR OMEHERRT A L 3 <
Bh. TOFEERETHHIIC, Wi FCENNTH
FE AR U CIEMERERT 2 BhIE T A AT S B
ZITKOBEE EIF7/-0, BkPicy—F, KYyL=
FNa— Vi EOEFEEERF AN DT A LI L
D, EhERFEZENS Y, BABEOREREEO.
Lo L, —fIC R BSEE 258 N 5 12 o v CRE B B
EDGFEEEDT AN, +— A5+ 4 + D5 REREREE

Al
ARS— T T T
2
&
£
2 6
g VAR
5 | 0%
f ]
i 5%
f 17%
M, I “36%

49% M Time (s)

49%M : 49 pct martensite
Fig. 3. Schematic illustration of cooling curves in
boiling water of 1.6 mm diameter steel wires.

HBERL, 78— 1+ ORBEIEEEEAKIC & D THABEA
NHBOBEIET 5. 20710, BokBEANY (4
<5.5mm) DIEEINESF Y F 2 X LY 59~145
MN/m? < 7% 5 72 (ZB Table 3). EE LRI OHE
DRSO THD L F L, BAKBEANRSR O M
0 5B L IEPERIT B T 5 FB & 29 & O RE
THHRLRATRE L E 272, Dbk~ B
£0, KEIC D HR O BB BEA R OH L 71
AR S .

4. WERBMKBEANDHE

Fig. 3I/RLZ2 &9, EHSIIBKBEANM OB
EXNTF v F MO LNVIITH DI, < LT
YH A PORBES AR IREIIRWEER. 2O
ORI B oM Y7o/, 2% 0, NEL
BE BRI~ OB HHI L 228, 773~873K i<
REFLZCBAMEIRICR L C, 5l akamHILz. - ofE
B KL B WV IE BB KA N EFRL TV 5B,

MEBKBEANTIT 572, 1.2mme, 0.65%C D
B MEE % Table 5 IR T. BT OEE»HDED
LI ERMBIENTEL.

(1)BEKF I8 T 2B 2RO L 0 E
WEE, EiRT TLEGHE ST3IK THD & L8 e
BT L 22 0as, 5laRM S 25K (No. 1). #HEKF 5
873 K OBEIFICIERHERS L - MO iEE S 3V b 72 A
& TFA% (No. 2).

(2)KGHHAPHRBEEEROL 5282 5 & &, B
I OWBTIREERB A REE L2 (B8 No. 5, 8).
83K THEL & L% 1.5min 179 &, W< S EMHH
n, FIBRMS BFEFICH< LD (B8 No. 3, 6, 10 B
XU12). Thi3ZEGSORBIIBVWTHEEL Dw VT~
YA MPEEL, SREBHOBELELICED, AL

Table 5. Influence of boiling water quenching technologies on mechanical properties of 1.2 mm diameter carbon

steel wires (0.65%C).

ggglig:ﬁ Heat treatment technologies Tenalvlﬁ\ﬁ:f;‘ gth Riiggtzgz)of
1 Cooled for 2 s-air cooled-tempered at 873 K 1070 65
2 Ditto ¥ 2-20 s at 873 K-air cooled 1010 62
3 Cooled for 3 s-air cooled-tempered at 873 K 1270 27
Pure boiling water 4 Ditto-20 s at 873 K-air cooled 1120 62
(Fosss )g .5 Cooled for 4 s-air cooled 1030 0
) 6 Ditto-air cooled-tempered at 873 K 1280 21
7 " Ditto-20 s at 873 K-air cooled 1220 57
8 Cooled for 5 s-air cooled 860 0
9 Ditto-20's at 873 K-air cooled 1250 56
. 10 Cooled for 4 s-air cooled-tempered at 873 K 1240 30
0.5% Soap solution 11 Ditto-20 s at 773 K-air cooled 1170 58
(37301{) (ItJZS s) 12 Cooled for 5 s-air cooled-tempered at.873 K 1 300 18
13 Ditto-20s at 773 K-air cooled 1200 60
14 Cooled for 7s-20s at 773 K-air cooled 1230 59.5

*

t is total boiling time *2 “Ditto” means “Cooled for 2s”
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DIEHBBOBLN, <V TF ¥ A4 FDOSRHSE A
T ol THAH. LIzh-T, mb\?ﬁﬁibiﬁbt“l,v
WTF T A MIES>THIEBIENLLDTH S,

(3 )BURBAKBEAN L 2841 13, BEATICHE 2
R 2SRRI O 52 BA AL, FO5|RMES I3
1O79MN/m® LLE &2 0, /87 v F v MO FRL
NOVIZHE L7z (No. 4, 11). 7K &5 BE R 25l B 15 1) o
2/3 #Z %L, SMOTIIRM S X 1177 MN/m? Lk

EL, 88T U F MO ERBEOL ANV E R 5T
w5 (No.7, 9, 13, 14).

(4 )GHEEE A E U A, Mgk AL -850
ML 0.5% V- TRBWTHA LML Y 50
MN/m? &y (No. 7 & 11, 9 & 13). T sk

DAERIEDEEEIE DSV — TKBBED b DIZH~THEN
72HTHA.

(5 ) BURBABEANM IIEEBMIB R ¥ BEET, #

Table 6. Experimental results of double-step hot water quenched 1.6 mm diameter steel wires in two cooling

mediums.
gggli‘unmg ‘ Heat treatment technologies Ten(szl\,lﬁ\ﬁgfglgth Ri‘:g:t]?’: of
1 Cooled for 2s-20s at 873 K-water cooled 925 60.8
Pure boiling water 2 Cooled for 5s-20 s at 873 K-water cooled 1110 52.5
(t=8.5s) 3 Cooled for 6 5s-20 s at 873 K-water cooled 1180 52.5
4 Cooled for 8 s-20 s at 873 K-water cooled 1240 60.8
1 Cooling to 333K 1330 0
Cooled for 6 s-air cooled 1570 0
1% Soap solution 2 Cooled for 6 s-10s at 873 K-water cooled 1500 0
(333K) (1=9s) Cooled for 6 s-20s at 873 K-water cooled ) 1190 55.5
3 Cooled for 8s-15s at 773 K-water cooled 1210 52.5

(A) Single-step hot water quenching : Diameter=2.0 mm, cooling for 6s in 333 K, 1% soap water solution from 1 193 K and

air cooling ; 0;=1225 MN/m?, ¢=50.4%

(B) Double-step hot water quenching : Diameter=1.2 mm, cooling for 5s in pure boiling water after heating 4 min at 1 193 K,
transforming to brittleproof furnace at 873 K for 20 s and air cooling ; 0,=1 225 MN/m?, ¢="56% :
(C) Double-step hot water quenching : Diameter = 1.6 mm, cooling for 8s in pure boiling water after heating at 1193 K,
transfering to brittleproof furnace at 873 K for 20 s and water cooling ; 0,=1 216 MN/m?, ¢=60.8%
(D) Lead patenting : Diameter=1.6 mm, 0,=1 167 MN/m?, ¢=52.5%

Photo. 2. Microstructures of high strength steel wires (0.65%C) (X550).
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DIEBEL T <N TS,

DEORER L FREOKEEA 1.6 mmgd D 0.65% C Hi#x
TE N7, Table 6 WZRT X H 12, #MBEAKF T 8s
HHIL, BilEIFIC 20s o B BB BOKBEA R £1T S &
LicX b, BIEET &A% 1240 MN/m?, #0 fEAY 60.8%
DENIERFBO NI

Bk BEA SRR O BRI % Photo. 2 IZ/R Y.

Photo. 2(A) BB ZAKEEAN (2F D 2.0 mme FHE

¥ 1193K 25, 1% vV — 7KER (333K) FICREL,
6siZBLIHK, KERDHOED L, ZRPTHED)
Lo SEssEMEch b, ZohT, Bl -5 4
MR, LDEVBOMED 33% HY, Ih%E
“HOWEHE” EHRLTwh, 1.6 mme /57 ¥ F v 7
# (Photo. 2(D)), 1.2mm¢ 3 X U 1.6 mm¢ AUEXZLK
#E A 1L#t (Photo. 2(B), (C)) TiE, “HW MK~
BlulesnEgnd 15%, 271% £7213 29% TH A
BocHENOFF S 12X % &, 833K THi/ /87 v F v /Ll
L7:%40 2.90 mm¢, 0.50%C SA#E O BB IZC
O BV 25d 5 ERESh TS (BREX®
ROl 2).

O ‘B OFEREY O “ROBHER O
HLOICHRTT I LEFEY., LT, 2Ok
T NVF A FTRL, 8BBS—F A4 + (Degenerate
pearlite) 242927 L £ 2 TXWTHA ).

1.2mm¢ BX U 1.6 mmg S NITA, 1.0mm, 2.0
mm, 3.5mm 7% 5 FI2 5.1 mme FHR I BB EKEEAN

1274

—
[
-~
-
¥

1079

980}

8821 9

_ Tensile strength (MN/m?)

784} ’ 1

0 1 2 3 4 5 6

Diameter (mm)

—(O— : Double-step hot water quenched wires (0.65%C) during
cooling in boiling water

—A— : Double-step hot water quenched wires (0.65%C) during
cooling in 353 K water )
—X-——: Average value of lead patented wires (0.65%C)

—@— : Single-step hot water quenched wires (0.59%C)

Fig. 4. Interrelations of tensile strengths and di-
ameters of steel wires.

%47 7. Fig. 4 CHBERABEANRTHE SN KEE
BB ORLBVIIREE (2o 0K ED 50% Ll
ETHs) 2RT. MEOZHI, HFIZWANSDOHE
BT v F v B 05|k & OFHE L /N
59 12k 0.59%C % 373K K IiC BEBOKBEAN

L7-B0BRM S 2A L. SO, FrLwTa
 A—WEEHABEANOBERE ST HICbrD. Tib
b, BEBKBEANM OF RIS RE8T v F ¥ THO
BIBELR & O FHHEIC A~ 39~59 MN/m? & <, $4/57
CF MO EBRLANVOBEIEL . F RIS,
R B BE A LIS K 0 LB KIS ALEE 0 SR BE SRR O B4
W) THBHELRRT A EATEL.

WE B AKBEANDOH L\ 71 213 1978 4 10 A
SEBOEEIIRASNATVE®, wEiTy/ Y-
7, RS ZOFECIVRE LTS, #
BWAEEICBWTUESAKBEANERB L -FHIIOWT
BRSBTS,

5. #&

AL OUTOEAIFHL PR 572,

(1B F v F > VLA HRBEANEER D
FRREIEL L v, SROST v F o FMBEEREL D
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